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In this proceeding, an overview of the recent progress of the exotic
hadrons studies at hadron colliders is presented, including the experimen-
tal measurement results from CMS, LHCb, CDF and D0. The talk covers
the physics properties study of X(3872); the search for Y(4140) state etc;
the recent result of Z(4430); and also the extended study to bottomonium
sector.
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1 Introduction
the exotic hadrons states, which have candidates known as XYZ family, have rich
research results in recent decades. The discovery of X(3872) particle in 2003 [1] starts
the stories of the XYZ research. About twenty candidates of the exotic hadrons states
have been appeared both at e+e− colliders and hadron colliders. As most of those
candidate states do not fit into conventional quark model predictions, lots of research
interests among hadron physics have been attracted. The possible explanations for
those states are the multi-quark states, molecular states, hybrid meson and glueball
etc.
In this talk, an overview of the recent progress of the exotic hadrons studies at
hadron colliders is presented, including the experimental measurement results from
CMS, LHCb, CDF and D0.
2 Recent Studies of X(3872) states
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Figure 1: Invariant mass spectrum of J/ψpipi at Large Hadron Collider [5, 6].
The X(3782) is the first exotic meson candidate discovered by BELLE in 2003 [1].
It is later confirmed by CDF [2], D0 [3] and Babar [4]. The X(3872) also has been
observed at Large Hadron Collider in both CMS experiment [5] and LHCb exper-
iment [6]. Fig. 1 shows the X(3872) signals at LHC experiment. The left plot is
the X(3872) signal at the center rapidity region in CMS experiment [5]. The right
plot is the X(3872) signal at the forward rapidity region in LHCb experiment [6].
The physics properties of X(3872) have also been investigated further with the date
accumulated at LHC [5, 6, 7, 8].
In the 2013, CMS experiment did the measurement of X(3872)’s cross section [5]
presented in the left plot of Fig. 2. The fraction of non-prompt X(3872) from B de-
cays is measured as well. In the right plot of Fig. 2, a comparison of the theoretical
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Figure 2: Ratio of X(3872) and ψ(2S) cross section (left), and prompt X(3872) pT
differential cross section (right) as measured by the CMS experiment at LHC in pp
collisions at
√
(s) = 7TeV [5].
prediction and the experiment measured cross section of prompt X(3872) is given.
The predicted NRQCD is above the measured cross section [5]. Very recently, LHCb
experiment has gotten an evidence of the decay of X(3872)→ γψ(2S) with a signifi-
cance of 4.4 σ [7]. Fig. 3 shows the γJ/ψ and the γψ(2S) invariant mass spectrum.
The relative branching fraction measurement agrees with the expectation for a pure
charmonium interpretation and the molecular-charmonium mixture interpretations
while a pure DD∗ molecular interpretation is not supported [7].
The Jpc of the X(3872) has been recently measured by the LHCb experiment as
well and is determined to be 1++ [8]. The only allowed alternative Jpc of X(3872)
is 2++ according to previous measurement. From the right plot of Fig. 4, the 2++
hypothesis is rejected with a confidence level equivalent to more than 8 standard
deviations. This result favors exotic explanation of the X(3872) states [8].
3 Search for Y(4140) and Y(4270)
Y(4140) has been observed firstly at CDF in 2009 using 2.7fb−1 of data in the mass
spectrum of J/ψφ, and a significance of 3.8σ [9]. Later with 6 fb−1 of CDF data, the
significance of Y(4140) is about 5σ and an also an evidence for a second structure
was reported [10]. The measurements results have been presented in Fig. 5.
In the year of 2010, Belle also searched for Y(4140) in the J/ψφ mass spectrum
(see the top plot of Fig. 6) [11] but found no structure near the threshold region
of J/ψφ, while had an evidence for the second structure with mass around 4350
MeV/c2 [11]. In the year 2012, LHCb did the search again and found no significant
excess in either case (see the middle and bottom plots of Fig. 6) [12]. D0 performed
the same search in the year 2014 and an evidence for the existence of near J/ψφ
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Figure 3: Comparison of the J/ψγ invariant mass spectrum and the ψγ invariant
mass spectrum. The total fit (thick solid blue) together with the signal (thin solid
green) and background components (dash-dotted orange for the combinatorial, dashed
magenta for the peaking component and long dashed blue for their sum) are shown [7].
threshold structure is reported with 3.1 standard deviations [13]. CMS also released
the result of the J/ψφ invariant mass spectrum structure search [14], and a signal
exceeding 5 σ is observed. In both D0 and CMS results, the second structure around
4330 MeV is present [13, 14]. Fig. 7 shows the J/ψφ invariant mass spectrum at D0
and CMS. From the results above, we see there are some inconsistencies among those
measurements and the study of Y(4140), Y(4270) or other possible states might need
to go further in future.
4 Charged Exotic Hadron at Hadron Collider
The charged exotic hadrons are natural candidates for the four-quark state matter.
There are a series of results of charged exotic hadrons at e+e− colliders which will be
included by Dr. Kai Zhu in the same session of the conference. For the hadron col-
lider experiment, LHCb have reported the observation of Z(4430) very recently [15].
Fig. 8 shows the invariant mass spectrum of φpi. The Z(4430) is observed with high
significance and its spin-parity is determined to be 1+. The measurement favors four
3
Figure 4: X(3872) signal at LHCb and the Jpc determination [8].
Figure 5: ∆M spectrum of M(J/ψφ) −M(J/ψ) in CDF experiment [9, 10]. The
left plot corresponds to 2.7 fb−1 and the right one corresponds to 6 fb−1.
quark bound state explanation of Z(4430) [15].
5 Extended to Bottomonium Sector
In the year of 2011, Belle has claimed the observations of two exotica states in Υ(5S)
decays [16]. Thus extending the XYZ exotic state family to the bottomonium sector.
The CMS experiment also searched for the bottomonium partner of X(3872) at hadron
colliders [17]. The search used the Υ(1S)pipi decay mode and found no evidence for
the Xb state, as shown in the left plot of Fig. 9. The right plot of Fig. 9 shows the
ratio of the cross section Xb to Υ(2S) upper limit is set in the range of (0.9-5.4)% at
95% confidence level for Xb masses between 10 and 11 GeV. Those are the first upper
limits on the production of a possible Xb at a hadron collider.
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Figure 6: The top plot is the invariant mass spectrum of J/ψφ in Belle experi-
ment [11]. The middle and the bottom plots are the ∆M spectrum of M(J/ψφ) −
M(J/ψ) in LHCb experiment with two different background scenarios [12].
6 Summary and Outlook
To summarize, rich results on exotic hadron states have been gotten in recent years
at hadron colliders like CMS, LHCb and D0 experiments etc. This talk covers the
most recent study on X(3872), Y(4140) , charged Z(4430) and extension to the bot-
tomonium sector. For the study of X(3872), the spin-parity of X(3872) has been
determined. The physics nature of X(3872) has been understood better with the
data collected from the hadron collider. For the Y(4140), the evidence/observation of
this exotic hadron state has been reported; the spin parity of Z(4430) has also been
determined; and the search has been extended to bottomonium sector at hadron
collider.
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Figure 7: The top and middle plots are the invariant mass spectrum in D0 experi-
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